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T he incidence of atrial fibrillation (AF) is increasing in the general population. [1] [2] [3] Currently, there is growing awareness of AF as a major health problem mainly because of its strong association with heart failure and stroke. 4 -6 Rhythm control strategies for sinus rhythm maintenance are unfortunately not optimal in clinical practice. 7, 8 Therefore, additional knowledge of AF prevention by identifying possible treatable risk factors has important clinical relevance. 9, 10 The Framingham Heart Study, as well as other populationbased cohort studies, has shown that arterial hypertension is a strong independent risk factor for AF. 8, [11] [12] [13] [14] Furthermore, a recent study by Conen et al showed that even systolic and diastolic blood pressure (BP) within the nonhypertensive range was independently associated with AF in a large cohort of middle-aged women. 15 Another recent study from the prospective follow-up in the Framingham cohort demonstrated that pulse pressure, reflecting arterial stiffness, was the most important predictor of AF. 16 In our study cohort, we have previously established baseline systolic BP as a strong predictor of cardiovascular death, but potential association with AF has never been assessed. 17 In the present study, we aimed to test the long-term impact of systolic BP, in particular upper normal systolic BP, on the risk of developing AF in healthy middle-aged men. Second, we aimed to assess the associations between incident AF and diastolic BP and pulse pressure.
Methods

Study Population
From 1972 to 1975, 2014 apparently healthy men aged 40 to 59 years from 5 governmental institutions in Oslo were included in a prospective cardiovascular survey after careful screening of health information. The presence of any of the following diseases caused primary exclusion: known or suspected coronary heart disease; diagnosed hypertension requiring drug treatment; diabetes mellitus; thyroid disorders; cancer; advanced pulmonary, renal, or liver diseases; or other serious disorders. The participants underwent clinical examinations, blood tests, chest x-ray, resting ECG, and symptom-limited bicycle exercise ECG test. Physical fitness was defined as the total bicycle exercise capacity calculated as the sum of work at all workloads, divided by body weight. Left ventricular hypertrophy (LVH) was defined by the Minnesota Code classification system for ECG (codes 3.1 and 3.3). 18 The same study investigators performed a consecutive follow-up examination, survey 2, in 1980 to 1982, on average 7 years after baseline, with a total of 1758 participants. According to baseline inclusion criteria, 1423 men remained healthy. Detailed description of the inclusion process and examination procedure is given elsewhere 19 -21 and is further elaborated in the online Data Supplement, available at http://hyper.ahajournals.org.
BP Measurements
During baseline examinations BP was measured manually to the nearest even 2 mm Hg with a calibrated mercury sphygmomanometer after 5 minutes in the supine position in a quiet room. The same physician (J.E.) performed all measurements in all participants. Detailed description of this procedure is given in online supplement.
In the present article, the term "upper normal BP" is used for BP values in the upper part of the normal range corresponding to our distribution into quartiles and hence is at variance with current BP guidelines, where systolic BP 130 to 139 mm Hg and diastolic BP 85 to 89 mm Hg are categorized as high-normal BP. 22 
Morbidity and Mortality Data
Morbidity data were consecutively obtained from 1 questionnaire survey in 1987, 2 clinical surveys in 1989 to 1990 (survey 3) and 1994 to 1995 (survey 4), and 2 nationwide searches of patient records from all Norwegian hospitals in 1995 to 1996 and 2005 to 2008. 23, 24 The medical records were scrutinized by 2 investigators from the study group (J.E., J.B.), and data were obtained from all available sections of the medical records, eg, ECG readings, outpatient notes, and admission and discharge letters. After necessary permissions from the health authorities, mortality data were obtained from the database of Statistics Norway completed up to December 31, 2007. No participants were lost to follow-up.
AF
The first event of AF was registered from the hospital medical records almost exclusively by ECG documentation of paroxysmal, persistent, or permanent AF or atrial flutter. Atrial flutter, although there were only a few cases, was included because this arrhythmia shares the same code number as AF (I48) in the International Classification of Diseases. Episodes of AF after coronary artery bypass grafting or valve replacement were not included, nor was AF related to acute myocardial infarction. Among 270 patients with AF, information about date of new onset AF was unavailable in 17 men, and they were therefore excluded in the survival analyses. The participants with diagnosed AF were censored solely at the first event of AF.
Statistical Methods
For continuous variables, analysis of variance including t tests, in addition to regression and correlation methods, were applied. Categorical variables were tested by the Fisher exact test or by 2 tests. The Kendall rank test was used to assess correlation (trend) between quartiles of systolic BP and baseline data.
Univariate analyses of the risk of developing AF were estimated with Kaplan-Meier plots and tested with log-rank tests. Cox regression models were used to study associations between selected potential predictors and incident AF. Significant variables in univariate analyses were entered into multivariate analysis, and a final model was reached by stepwise backward variable selection. Additionally, we retested each univariately significant variable by adding it to the final model obtained from the stepwise analysis. As expected, the BP components were so closely correlated that they canceled each other out in a concurrent multivariate analysis; we therefore analyzed BP components separately in the multivariate model. The final Cox proportional hazards models included adjustments for age, LVH, and body mass index (BMI). In addition, variables with prognostic power in comparable studies (current smoking, total cholesterol, physical fitness, and resting heart rate) were entered into the model, but none of these latter variables influenced the results. Finally, in a subsequent model, multivariate Cox proportional hazard analyses were performed after censoring at first occurrence of diabetes mellitus or cardiac diseases (myocardial infarction, coronary artery bypass grafting, aortic valve replacement, heart failure), before an AF event.
Probability values were 2-sided, and values Ͻ0.05 were considered statistically significant. We calculated 95% CIs throughout the analyses. Data were analyzed using the statistical package of JMP version 9 (SAS Institute Inc, Cary, NC).
Results
Study Characteristics
Average age at baseline was 50 years, and 44% were current smokers. During follow-up of up to 35 years (median 30 years), 270 men (13%) developed AF representing an incidence rate of 5.1 per 1000 person-years. Mean age at first appearance of AF was 71 years. At the end of follow-up, 59% of the men in the sinus rhythm group and 56% in the AF group had died, with no significant difference between the groups. Men who later developed AF had higher baseline BMI, higher resting systolic and diastolic BP, and higher prevalence of LVH. No difference was observed regarding pulse pressure, resting heart rate, PR interval, or physical fitness (Table 1) . Resting heart rate, bpm (SD) 61 (10) 61 (10) Ns PR-interval, ms (SD) 171 (24) 172 (26) Ns LVH, n (%) 83 (5) 23 (9) Ͻ0.05
Exercise test, maximum heart rate, bpm (SD)
163 (14) 163 ( Systolic BP at baseline was divided in quartiles (Q), and Table 2 demonstrates a strong significance for trend across the quartiles with respect to age, BMI, diastolic BP, pulse pressure, and resting heart rate and for the exercise variables physical fitness and maximum exercise systolic BP. The presence of LVH was predominant in the highest quartile.
Predictors of Incident AF
In univariate analyses age, all the BP components, BMI, LVH, maximum exercise heart rate, and physical fitness were significantly associated with AF. Age, systolic BP, diastolic BP, LVH, and BMI remained significant predictors in multivariate analyses, and age was the strongest predictor (Table 3) . Alcohol consumption, n (%) 106 (22) 104 (22) 124 (24) 114 (22) ns Examinations Systolic BP, mm Hg (SD) 110 (6) 122 (3) 133 (3) 154 (13) Diastolic BP, mm Hg (SD) 77 (7) 84 (6) 89 (6) 98 (9) Ͻ0.001
Pulse pressure, mm Hg (SD) 33 (6) 39 (6) 44 (6) 56 (11) Ͻ0.001
Resting heart rate, bpm (SD) 58 (8) 60 (8) 62 (9) 65 (11) Ͻ0.001
PR interval, ms (SD) 171 (26) 171 (25) 172 (25) 172 (24) ns LVH, n (%) 19 (4) 17 (4) 17 (3) 53 (10) Ͻ0.001
Maximum ex. heart rate, bpm (SD) 163 (14) 164 (13) 163 (13) 162 (14) Values are meanϮSD or numbers (n) and percentages. BP indicates blood pressure; Q, quartile; ns, not significant; bpm, beats per min; ex., exercise; LVH, left ventricular hypertrophy.
Risk of Incident AF Related to BP Quartiles
Systolic BP
Multiple adjusted risk estimates of AF are presented in Table 4 and Figure 1 . Compared with the reference quartile, with systolic BP Ͻ118 mm Hg (Q1), the long-term risks of AF were 1.51-fold and 1.62-fold for men with baseline systolic BP 128 to 138 mm Hg (Q3) and 140 to 220 mm Hg (Q4), respectively. When using BP Ͻ128 mm Hg as the reference, Q3 had a 1.50-fold and Q4 a 1.60-fold risk of incident AF.
Diastolic BP
Multivariable adjusted risk estimates showed that diastolic BP Ͻ80 mm Hg (Q1) was associated with the lowest risk of incident AF, and when using this quartile as reference, the risks of AF were 1.69-fold, 1.81-fold, and 1.94-fold in Q2, Q3, and Q4, respectively (Table 4 and Figure 2 ).
Pulse Pressure
The quartile with the highest pulse pressure showed a 1.49-fold increase in age-adjusted AF risk compared with the reference quartile (Table 4) . Multivariable analyses, however, did not establish pulse pressure as predictive of AF in the present study.
As described, BP quartiles were applied in the present study, but we also analyzed clinical BP groups according to current guidelines; the group with high-normal systolic BP (ie, 130 to 139 mm Hg) demonstrated a significant increased 
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risk of AF compared with optimal systolic BP Յ120 mm Hg (multiple adjusted HR 1.67; further data not shown).
Analyses at Follow-Up
Before the occurrence of incident AF, 115 men developed diabetes mellitus or 1 of the following cardiac events: myocardial infarction, coronary artery bypass grafting, aortic valve replacement, and heart failure. Adjustments for the occurrence of these disorders in the multivariate model did not appreciably change the previous established risk of AF associated with baseline systolic and diastolic BP (Table 4) . When extending analyses from baseline to survey 2, on average 7 years later, 82 men (4%) had been diagnosed with hypertension. Only men considered still healthy and free of any chronic drug regimen at survey 2 were included in further analyses. At baseline, 26% of the total population had measured systolic BP Ն140 mm Hg (which corresponds to Q4); at survey 2, this number had increased to 31%. Thus, the measured BP at survey 2, not the diagnosis of hypertension, was used to exclude all men with hypertensive values. Among the men with upper normal systolic BP at baseline (Q3), 70% (265 of 380 men examined at survey 2) had sustained BP below 140 mm Hg. Table 5 demonstrates that this normotensive group through 7 years of follow-up still has a significant increased AF risk compared with men with lower systolic BP.
Discussion
We followed 2014 initially healthy middle-aged men for more than 50 000 person-years, and 270 AF events occurred. Sample size, total person-years, and event rate in our study are fairly comparable to those of large AF trials. Men with baseline systolic BP Ն140 mm Hg or upper normal BP had 1.60-fold and 1.50-fold risk of incident AF, respectively, compared with men with BP Ͻ128 mm Hg. Baseline diastolic BP Ն80 mm Hg increased AF risk 1.80-fold compared with diastolic BP Ͻ80 mm Hg. Baseline pulse pressure was not a significant predictor of AF in the present study, possibly because of an initially healthy and relatively young population.
Our intension with the present observational study was not to establish a firm BP threshold but to assess possible associations between BP below what we today register as hypertension and an increased AF risk. For this purpose, we applied BP quartiles, traditionally used in this kind of epidemiological research, and the levels of 128 mm Hg for systolic BP and 80 mm Hg for diastolic BP follow this quartile classification.
Comparison With Related Studies
The overall incidence rate of AF in our study during 53 062 person-years of observation was 5.1 per 1000 person-years. In comparison, the Manitoba Follow-Up Study, 1948 to 1992, with 154 000 person-years had a lower incidence of AF, 2 per 1000 person-years in a population approximately 20 years younger at inclusion. 2 In the Framingham Heart Study, 253 AF events occurred in men during 32 544 person-years of follow-up in a study cohort aged 45 to 95 years (6.3 per 1000 age-adjusted person-years). 3 This is comparable with our study, as the cohort had mean age at baseline 10 years higher than our population. All studies referred to above have shown that the incidence of AF increases with advancing age.
Because of its high prevalence in the population, hypertension is by far the most prevalent risk factor for development of AF. 8, [11] [12] [13] [14] Still, it has remained unknown at what level BP starts to impose an increased risk of AF. 22 Conen et al 15 showed that even systolic and diastolic BP levels within the nonhypertensive range were independently associated with incident AF in nearly 35 000 initially healthy women with mean age at baseline 55 years, median follow-up of 12 years, and AF incidence rate of 1.9%. Age at follow-up appear to be the most important cause of the substantial difference in incidence rate compared with our study. Women with highnormal systolic BP at baseline (130 -139 mm Hg) had 28% increased risk of AF compared with women with optimal systolic BP Ͻ120 mm Hg, which is in line with the results of our study in middle-aged men.
Pathophysiological Aspects
Low BP, both systolic and diastolic, is associated with low incidence of AF in recent studies, and pathophysiological understanding of the development of AF is essential. Increased BP over time may cause a slow but progressive process of structural and electrophysiological remodeling in both ventricles and atria. Elevated end-diastolic left ventricular pressure and subsequently increased left atrial pressure may cause atrial stretch and eventually dilatation, which may favor the development of AF. 8
Follow-Up
The assessment of data from survey 2 revealed that almost one third of still-healthy study participants had measured BP indicates blood pressure; Q, quartile; AF, atrial fibrillation; HR, hazard ratio. *Normotensive: measured systolic BP below 140 mm Hg. †Relative risk of AF in quartiles of baseline systolic blood pressure compared with the lowest quartile among normotensive men at survey 2 (nϭ1019), multiple adjusted for age, body mass index, left ventricular hypertrophy, current smoking, total cholesterol, physical fitness, and resting heart rate.
systolic BP Ն140 mm Hg. However, despite analyses on a lower number of subjects caused by the exclusion of men with high systolic BP, sustained upper normal systolic BP remained a significant predictor of incident AF.
There are several important questions to address in the present study. Primarily, do the nonhypertensive men at baseline have an increased AF risk because they subsequently develop hypertension, or is there an independent increased AF risk associated with upper normal BP? Our results indicate that upper normal systolic BP is a significant predictor of incident AF both at baseline and at 7 years of follow-up, but the majority of the study participants developed AF late in life, on average 20 years from baseline. Additionally, in studies with a long follow-up duration, the strength of a disease-specific predictor often weakens with time when other risk factors or diseases become increasingly important. Unfortunately, additional data from survey 3, on average 16 years after baseline, were not considered accessible because of the substantially reduced number of participants and hence lack of power for survival analysis.
Limitations
Our study included apparently healthy, middle-aged Norwegian men in daily work. The results cannot necessarily be generalized to men of different ethnicity or age, men with concomitant diseases, or women. Only 18 men reported current participation in competition sports, and the results cannot be generalized to athletes.
The morbidity data, including diagnosed AF, were collected from hospital medical records and not from the primary health care system. If a participant never had been in contact with an outpatient clinic or hospitalized, which is exceedingly uncommon in the Norwegian health care system, a diagnosis of AF could have been missed.
Perspectives
Both systolic BP Ն128 mm Hg and diastolic BP Ն80 mm Hg are found to be long-term predictors of incident AF in initially healthy middle-aged men. The present results imply that even middle-aged men with nonhypertensive BP levels according to current guidelines have an increased risk of developing AF compared with men with lower BP. However, it is not yet resolved whether the subsequent development of hypertension among persons with upper normal BP is the essential pathway to incident AF. A few recent studies, 1 of them the randomized trial from the Cardio-Sis investigators, have reported that tight BP control compared with usual BP control in the treatment of hypertension reduces the incidence of cardiovascular events, including new-onset AF. 25, 26 We therefore propose further randomized clinical trials with improved BP control to aid in the challenge of preventing increasing AF in the general population. 
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